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In this paper, we use the semi-empirical Hartree-Fock method, introduced within the finite electric field perturbation approach, to calculate the molecular and pi-system polarizabilities of trans and cis polyene H(-CH=CH-) nH (n = 3,4,5,...,18).
The result is that for a given n, the order of both molecular and pi-system polarizabilities of polyene is trans > cis. This result is consistent with the order of experimental values of trans and cis hexatriene. When the n increases from 3 to 18, the contribution of pi-system polarizability to the molecular polarizability increases from 45% to 70%. Using these results, we have extrapolated the polarizabilities of both trans and cis polyacetylene.
The order is trans > cis. These results and crystal parameters lead to an estimate of the dispersion energies among polyacetylene chains. The result is also E disp(trans) > E disp(cis).
Part of this research was performed while visiting at SUNY-Fredonia. t Author to whom correspondence should be addressed.
Daniel 4 , 5 has been reported, including differences between trans and cis PA. 6 "8 Polarizability is an important prcperty of a material and closely related to interactions among molecules and the dielectric coefficient of the material.
Because PA is relatively insoluble and decomposes before melting? these experimental difficulties have so far precluded the measurement of the polarizability of either trans and cis PA. To our knowledge, no study of the polarizability of cis-PA and the contribution of the pi-system polarizability to molecular polarizability has yet been reported. It is therefore interesting to calculate and compare the pi-system and the molecular polarizabilities of both cis and trans PA, and to discuss their differences, which is the purpose of this article.
II. THE METHOD
Because PA can be considered an infinite polyene and given the difficulty of directly calculating the polarizability of an infinite polymer, the best method available is to calculate the polarizabilities of a series of polyenes with finite chain length, and then extrapolate to the infinite limit, i.e., PA. Hence the longer the polyene chain, the more reliable the extrapolated result for PA may be expected to be. We therefore choose a method for which chain length is not a severe limitation. equations, one obtains the molecular polarizability as
where Pi is the component of the molecular dipole moment along the i-axis.
Given the desirability of performing the calculation on as large a polyene molecule as possible, we choose a semi-empirical method (CNDO/2) 1 5 
instead of an ab
Initio technique. Considering the importance of the pi-system in polyene and PA, we are especially interested in the contributions of the 2pz (pi) electron to the 7! molecular polarizability ,and these are reported separately as a
In Our results are consistent with experiment and demonstrate the reliability of this method.
Only a few structure parameters of polyene molecules have been determined, and these all approach the standard values:
-120-, the same as the case for the determined and optimized PA parameters. 19,20
Therefore we take the standard parameters as the structure parameters of both trans and cis polyene. The coordinate system is as shown in Fig. 1 . It is possible to distinguish between trans and cis forms only for n > 3, and hence our calculation starts with n -3.
III. RESULTS
In Table 2 we list pi-system and molecular polarizabilities and the contributions of pi-system to molecular polarizability. Some of this data is illu~trated in Fig. 2 . From these results, we derive the following conclusions:
When n is the same, the order of both molecular and pi-system polarizabilities of trans and cis polyene is: trans > cis, also shown in Fig. 2 .
This order is consistent with the order of experimental polarizabilities of trans and cis hexatriene.
[2] The molecular polarizability of polyene mainly comes from the contribution of the pi-system. The longer the carbon chain, the larger the contributiz~r of pi-system. When n increases from 3 to 18, the contribution of pisystem increases from 45% to 70%.
[3] A value for a /n -a/n -a /n is easily calculated. This difference is nearly constant over the entire range of n, as shown in Fig. 2 . This means that the polarizability of the sigma-system in a -CH-CH-unit for various polyenes is the same, which obviously differs from the pi-system. The a polarizability is essentially independent of chain length. This differs from the n polarizability because of the delocalized nature of the n system.
To generalize the polyene results to PA, we require a function which accounts for the fact that d[!]/dn -0 for large n. The proposed function 1 1 ts
This implies that lim a/n -10 a for PA. Our values and Hurst's are compared in n-- Table 3 .
The relative polarizabilities of the cis and trans PA are in the same order as for the polyene series. However, the pi-electron contribution for PA is larger than for polyene, as shown in Table 3 .
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IV. DISCUSSION
We begin by considering the reasons why the trans isomer polarizability is larger than for the cis. First are geometric considerations. If L is the length of the carbon chain, L -n x 1, then 9 is the length of the projection of a unit cell
[-CH-CH-] (including both a C-C and C-C bond) on the x-axis. In our calculation, I
is equal to 2.425 A and 2.125 A for trans and cis polyene, respectively. The projection of trans is larger than cis by 0.3 A. This makes the conjugation length of the trans polyene pi-system longer than cis polyene's by n x 0.3 A, when n is the same. This is the main reason that both pi-system and molecular polarizabilities of trans polyene are larger than cis polyene°B esides the difference in x-axis projection length between the trans and cis unit structures, we consider another factor affecting polarizability magnitude.
The unit cell of trans PA consists only of one -CH-CH-segment, whereas a unit cell of cis PA consists of two -CH=CH-segments, as shown in Fig. 1 . This demonstrates that the translational symmetry of trans PA is higher than cis PA. Clearly, the higher the translational symmetry, the larger the delocalizability, and the larger the polarizability. Thus one would expect the trans and cis isomers to differ is subtle chemical respects in addition to geometrical effects. We expect similar effects for finite polyenes as well.
Two functional forms to describe the polarizability of trans-polyene have been given in the literaturp. Hurst et a1 1 suggest that a = NY, where they find y u 1.6 for small polymers. However, if the delocalization length is finite, then Y must also be a function of n and must eventually tend toward 1, i.e., the polarizability is proportional to n. We specify the proportionality constant as
where two parameters, C and y, are to be fitted to the data. Equation (5) will provide some significant physical insight in what follows.
Hurst et a1 1 have proposed yet another function, given by eq. (4).
Parameter a has clear physical significance. already mentioned. Parameters b and c only influence the behavior at small n, and from physical arguments (i.e., a less conjugated system), we know that b < 0.
We have fitted our data to the Hurst function for trans PA, with the results are shown in The physical significance of the power law (eq. 5) depends on how C is
If C is defined as C, the limiting value of a/n as n -®, then C -10 identical to the limiting value in eq. (4), and eq. (5) is valid for large n when y -
1.
On the other hand, if C is defined as C 0 , the polarizability of the -C2H2-,
i.e., a for n -1, so that the form can be fitted to small n but will be incorrect in the large n limit if y is assumed to be constant. Further, in this case iL is apparent that y cannot converge to unity since then the polarizability of the Infinite _hain w)ul ....
FinaL.), -O .ust be equal for both cis and trans polymers, and therefore has a very definite physical meaning. It is clear that y has a different physical interpretation depending on how C is chosen.
A least squares fit to uctermine C O in the trans and cis case-reveqls 17 a.u. ± 1 a.u. Given C 0 -17, it is then possible to plot the necessary value of y from the CNDO and Hurst data. This is shown in Fig. 3 , and several points can be made. First, we note that values for y are larger in thr-trans case chan for the cis. This is consistent with the value of a, and with the notion that the trans form has a larger polarizability. Secondly, it is apparent that Y goes through a maximum at approximately n -9 for the cis isomer, and n -10-11 for the trans isomer. This probably reflects a distance related to the delocalization effect in polyene, indicating that electrons are delocalized over a larger region in the trans isomer than the cis. 
